Introduction
In east Asia the Kuroshio Current, one of the western boundary currents, plays a key role on the local fishery, data will be used because with the sparse gravity data alone (see below), there will be no possibility of getting a high-resolution geoid. However, altimeter data contain gravity signals as well as the oceanographic signals, which must be carefully taken into account when computing the geoid. Such an altimetric-gravimetric geoid should fulfill the requirements that it can not only be used for determining the short wavelength signals such as the fronts of the Kuroshio but also for identifying the long wavelength features such as the general circulation of the Western Pacific. With a precision geoid, the next goal of this study is then to quantify the seasonal variabilities of the Kuroshio from the TOPEX/POSEIDON (T/P) data.
In the context of this study the Western Pacific is defined to be within 105øE-140øE and 5øN -35øN and the Kuroshio Extension will not be covered. It is known that the primary goal of the T/P mission has been to determine the general circulation of the oceans [Fu ½! al., 1994] . For a study of this kind a global data set is prepared, and normally the data over shallow seas T/P sea level and tide gauge sea level, researchers tend to select the gauge stations in the deep ocean, and it has not been shown whether the comparison over shallow seas will yield the same good agreement as for the deep ocean. For scientists who pay more attention to a local area than the entire globe these are the questions they often raise and they are keen to know the answers, especially when the studied area has a possibly unfavorable condition for the T/P altimeter system. Thus we will first investigate the performance of the T/P altimeter system over the studied area using tide gauge measurements. We will focus on both the numerical technique of geoid computation and the analysis of the sea surface topography (SST) regarding the characteristics of the Kuroshio and the Western Pacific.
TOPEX/POSEIDON Data Processing and Averaging
The T/P data used in this study were supplied by Archiving, Validation, and Interpretation of Satellite Data in Oceanography (A VISO) [1992] . It is the sea surface height (SSH) above the reference ellipsoid that will be used in our analyses. In order to obtain reliable SSH, the criteria used by Denker [1990] were employed to edit the Geophysical Data Records (GDRs). After passing the editing criteria, geophysical corrections were applied to the instantaneous SSHs. In other altimeter missions such as Seasat and Geosat, the accuracy of satellite orbit has been a primary error source for SSH . However, the 5-cm radial orbit accuracy of T/P [Tapley et al., 1994a ] is now comparable to the errors of geophysical corrections. In particular, we expect the error in ocean tide model at the vicinity of continental shelf or shallow seas will probably exceed the T/P orbit error. For a geophysical correction the T/P GDRs contain various models for use. Figure 1 compares the various models of ionospheric correction, wet tropospheric correction, and ocean tide along arcs a025 and d081 of cycle 18. These two arcs, whose ground tracks are plotted in Figure 2 , travel from the deep ocean to shallow seas and from the tropic to the high latitude. Arcs a025 and d081 correspond to passes 51 and 164 defined by A VISO [1992] .
The symbol "a" stands for "ascending," and "d" is for "descending." This convention will also be used in other figures of this paper. The formula for conversion between arc and pass is pass: 2 arc+ 1 for an ascending arc, and pass = 2 (arc + 1) for a descending arc. We by satellite (DORIS) model is about 5 cm, which is the size of the T/P radial orbit error. Since the T/P ionospheric model is direct from the dual-frequency measurements and has accuracy of the order of 1 cm [Imel, 1994] , it is selected for correcting the TOPEX range measurements; for the POSEIDON measurements, the DORIS ionospheric model is adopted because the result from Escudier et al. [1993] has shown that it provides sufficient accuracy for a single-frequency altimeter. The root mean squared (rms) difference of the two wet tropospheric models is also about 5 cm, and the difference is particularly large in the tropical area. The radiometer model was adopted for the wet tropospheric correction. As far as the ocean tides are concerned, the Cartwright and Ray model and the modified enhanced Schwiderski agree quite well in the open ocean, but the two have large differences over shallow seas, reaching 30 cm. Many studies, e.g., Eanes el al. [1993] , have confirmed that the Cartwright and Ray model has a better accuracy than the modified enhanced Schwiderski; thus the former was used in this study. Recent works by, e.g., [1994] , and Knudsen [1994] , have improved the Cartwright and Ray model by 1-2 cm, and we expect that the application of these new tide models to the T/P GDR will improve our analysis.
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A note is given to the correction due to different flattenings of the reference ellipsoids used by TOPEX'and POSEIDON. The correction is [Rapp, 1989] Ah -aAf(1 -f)sin 2 qb For later development the SSH from the first 36 cycles are averaged according to seasons, and a final averaging is made for one year. The relationship among the first 36 repeat cycles, dates, and the four seasons is given in Table 1 . Because of the highly accurate orbit, the T/P SSH were not subject to orbit adjustment, which To obtain the monthly T/P sea levels, for each repeat cycle we first construct a 10 x 10 grid from the along- (1) the use of marine gravity anomalies will reduce the geoid error, and, in general, the geoid error is below 5 cm in the presence of highly dense gravity anomalies, e.g., the spots near 25øN, 140øE, and 20øN, 115øE; and (2) in the areas of high-frequency geoid variation, e.g., the trench areas and islands, the error is large. Special attention must be given to the geoid error along the Kuroshio's path. From Table 3 . As we examined the goodness of fit for all the tracks by visual comparison, we found that the hyperbolic model seems to work very well for the Kuroshio area. Figure  8 shows two typical comparisons, using tracks dl19 and d017. Also, for all the tracks we found that the best data extent for model fitting is within 100 km to the axis. Figure 10 we also make a comparison of the SST by using two different geoid models as the level surface: the altimetricgravimetric geoid and the geoid from OSU91A to degree 360. The OSU91A geoid has a resolution of 50 km and certainly cannot fully account for the complex bottom topography along the path of the Kuroshio. Because of its relatively low resolution, with the OSU91A geoid, one cannot tell whether the steep slope in the computed SST is due to the gravity signal or oceanographic signals such as the Kuroshio front, and this is why in Figure   10 To quantify the seasonal variability of the Kuroshio, we again use the estimated parameters in Table 3 
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Discussion and Conclusion
In this study the T/P altimeter system has been verified over the Western Pacific, and an altimetricgravimetric geoid was constructed which together with the T/P altimeter data was used to identify the Kuroshio fronts and its seasonal fluctuations. This local geoid is better than the geoid from OSU91A to degre e 360 in both accuracy and resolution. However, due to the data quality and density the current model has an accuracy of only 5-40 cm and is not the best; in the future we may construct a better geoid with improvements such as using more ERS 1/GM data, 3 years of T/P data, and incorporating more marine and land gravity anomalies from China, Philippine, and Japan. ERS 1, ERS 2, and other planned altimeter missions (see Table 9 .2 of Seebet [1993] ). Furthermore, in theory one can study the high-frequency variability of the Kuroshio on a 10-day basis as given by Rapp and Smith
[1994], but we wish to wait for the new generation of T/P GDR which contains improved geophysical corrections (especially the ocean tide correction) and should give more promising results than the current T/P data. The LSC computations can be made using the inversionfree scheme described by Hwang and Parsons [1995] .
